PATENT ABSTRACTS OF JAPAN 
(ll)Publication number : 11-014324 

(43)Date of publication of application : 22-01.1999 



(5l)Int.Cl. 



601B 11/24 
G01B 11/00 
GO IN 21/88 
606T 7/00 



(21) Application number : 09-171453 

(22) Date of filing : 27.06.1997 



(71) Applicant 

(72) Inventor : 



HITACHI LTD 
HARA YASUHIKO 
KOBAYASHI HARUOMI 
INOUE MITSUHIRO 
SASADAMASATO 



m 

fit 
m □ (5 1 



s 



(5 4) PATT ERN DEFECT INSPECTION METHOD AND DEVICE THEREFOR 

WTT (57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
inspection method by which such an error is not 
judged as a defect even if there are deformation, 
strain of patterns and a positioning error between 
^ a standard pattern and an inspection object 
y, detecting pattern in a wiring board by applying a 
// different inspection standard to patterns or 
I respective layers in an inspection of a multilayer 
I pattern on a multilayer wiring board to which a 
solder resist is applied. 

SOLUTION: Inspection object patterns are 
detected, and labeled with respective patterns 
mutually separated in the detected patterns, and a 
feature quantity of the labeled individual patterns 
is calculated, and a table relating this feature 
quantity to positions of the labeled patterns is 
made. Meanwhile, a pattern being a standard for 
these inspection object patterns is prepared, and a 
feature quantity of a standard pattern is also similarly calculated, and a table releated 
to coordinates is made. In a pattern inspection, feature quantities of nearby patterns 
equivalent to corresponding coordinates of the table are compared with each other, and 
feature quantites of the inspection object patterns and the standard pattern are 
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compared with each other, and a defect is detected. 
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[Claim(s)] 

[Claim 1] Picturize an inspection object pattern and label attachment is carried out for 
every pattern each other separated in the inspection object pattern which detected and 
this detected this inspection object pattern. It compares with the characteristic 
quantity of a reference pattern and positional information which memorized 
beforehand the characteristic quantity which carried out this label attachment, and 
which calculated characteristic quantity for every pattern and was calculated for this 
every pattern, and the positional information of said pattern. The pattern defect 
inspection approach characterized by judging the defect of said inspection object 
pattern based on the compared this result. 

[Claim 2] The pattern defect inspection approach according to claim 1 that the 
dimension of a pattern, area, a boundary length, a center of gravity, a second moment, 
and Nth order are also characterized by the thing of the square of - noodles, or an area 
and a boundary length included for any one at least by said characteristic quantity. 
[Claim 3j The pattern defect inspection approach according to claim 1 characterized by 
said inspection object pattern being a pattern of a printed wired board with which the 
solder resist was applied. 

[Claim 4] The printed wired board which applied the solder resist for detecting said 
inspection object pattern is illuminated by short wave Nagamitsu, such as a purple 
light. Detect the fluorescence generated from the solder resist section and a silk 
printing pattern, and the 1st image is obtained. The 2nd image which picturized the 
printed wired board which illuminated said printed wired board with red light, and 
was illuminated with this red light, and actualized the copper outcrop and the silk 
printing pattern is obtained. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is especially devised the the best for inspection 
of the defect of the printed wired board pattern after solder resist spreading (printed 
wired board final product), although the equipment which inspects the existence of the 
defect of a patchboard pattern is started and it can apply to inspection of a common 
electronic- circuitry pattern. It is defective inspection of the specifically exposed copper 
land. A silk alphabetic character or an approach suitable as the technique of inspecting 
the defect of a silk line pattern, and its equipment are offered. 
[0002] 

[Description of the Prior Art] The method of judging the difference between the pattern 
used as criteria and an inspection object pattern as detection method of an 
electronic-circuitry pattern to be a defect is used well. The patchboard pattern 
inspection method after the conventional solder resist spreading is also this approach. 
As shown in drawing 1 , a detector 10 detects an object pattern 1 first, and it 
memorizes to the image storage 12, and let this be a reference pattern. A storage image 
is memorized as a multiple-value image, for example, an image with 256 steps of 
concentration. Next, an inspection object pattern is detected similarly and the 
difference of the storage reference pattern signal 13 and the inspection object-pattern 
signal 14 is taken by the difference circuit 15. If a difference is in a pattern, a big 
difference signal will come out from a difference circuit. When larger than the set point 
with a difference signal, this can be judged to be a defect. This is realizable by the 
binary-ized circuit 16 as a circuit. 
[0003] 



[Problem(s) to be Solved by the Invention] Automation of the visual inspection of an 
electronic- circuitry pattern is important because of the improvement in the 
dependability of a product, and the formation of ** people of a production process. As 
for the visual inspection of the final product, i.e., the patchboard after solder resist 
spreading, in especially manufacture of a printed wired board, it is common to carry 
out in the visual inspection. As shown in the drawing 3 object pattern 1, the 
above-mentioned patchboard consists of the green of the solder resist 2, the white of 
the silk pattern 3, a light blue color of the patchboard base material section 4, and a 
copper metal color of the copper outcrop 5, and serves as a complicated pattern. From 
this, an automatic check is difficult and the visual-inspection equipment of sufficient 
engine performance is not found. However, in connection with the high efficiency and 
densification of electronic equipment, the demand of inspection upgrading becomes 
severe, and since reservation of the skilled inspection staff is becoming difficult, 
automation of the visual inspection of the above-mentioned patchboard pattern is 
indispensable. 

[0004] As mentioned above, in the patchboard test equipment after the conventional 
solder resist spreading, these multilayer patterns are collectively detected as a 
multiple-value image. For this reason, the whole of each multilayer pattern can be 
inspected only by the same time limits/maintenance check. However, as for each 
multilayer pattern, time limits/maintenance checks differ respectively. That is, the 
copper outcrop pattern is made with a comparatively sufficient precision, and there 
must not be no defect acting as [ when performing soldering ] a failure. On the other 
hand, a silk pattern is manufactured by silk screen printing, and its pattern is also 
rough. Since it exists in order that people may see as reference also functionally, there 
is not necessarily so strict a time limits/maintenance check. The detection method 
demanded must be the approach of applying a different time limits/maintenance check 
to the pattern of these each class. 

[0005] Moreover, if the conventional approach has distortion of deformation or a 
pattern, and an alignment error between a reference pattern and a 
subject-of-examination detection pattern in a patchboard, these will be detected as a 
defect. Since it is surely generated in an actual patchboard, the inspection approach of 
not judging such an error to be a defect is required for these errors. 
[0006] The purpose of this invention is offering the pattern inspection approach and 
pattern detection equipment which can inspect the multilayer pattern formed on a 
sample by time limits/maintenance check which did not mistake distortion or the 
alignment error of a patchboard for a defect, and is different for each class. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in 
this invention the pattern defect inspection approach Picturize an inspection object 
pattern, detect this inspection object pattern, and label attachment is carried out for 
every pattern each other separated in this detected inspection object pattern. It 
compares with the characteristic quantity of a reference pattern and positional 
information which memorized beforehand the characteristic quantity which calculated 
characteristic quantity for every pattern and was calculated for every pattern and the 
positional information of a pattern which carried out this label attachment. It 
considered as the pattern defect inspection approach characterized by judging the 
defect of an inspection object pattern based on this compared result. 
[0008] Moreover, an exposure means to irradiate ******** at the substrate to be 
examined which has a pattern for pattern defect test equipment. An image detection 
means to detect the image of the pattern irradiated by this exposure means, A 



characteristic quantity calculation means to calculate this characteristic quantity for 
every pattern that carried out label attachment by carrying out label attachment of the 
image of the pattern detected by this image detection means, and to memorize with the 
positional information of a pattern, A storage means to compute the characteristic 
quantity of a standard pattern beforehand and to memorize this computed 
characteristic quantity and the positional information of a standard pattern, A 
defective judging means to judge the defect of a pattern as compared with the 
characteristic quantity of a reference pattern and positional information which 
memorized the characteristic quantity and positional information of the pattern for 
which it asked with the characteristic quantity calculation means for the storage 
means was had and constituted. 

[0009] Moreover, an exposure means to irradiate the illumination light in this 
invention at the substrate to be examined which has a pattern for pattern defect test 
equipment, A fluorescence image detection means to detect the fluorescence which 
irradiates with this exposure means and is generated from a substrate to be examined, 
and to detect the fluorescence image of a substrate to be examined, A red optical image 
detection means to detect the red light which irradiated with the exposure means and 
was reflected with the substrate to be examined, and to detect the red optical image of 
a substrate to be examined, A defective judging means to judge the defect of a 
substrate to be examined as compared with the characteristic quantity of the reference 
pattern which computed characteristic quantity, respectively from the fluorescence 
image detected with the fluorescence image detection means and the red optical image 
detected with the red optical image detection means, and memorized this 
characteristic quantity beforehand was had and constituted. 

[OOlO] Namely, according to this invention, the dimension of a pattern etc. is measured, 
and since a pattern is inspected as compared with the dimension of a reference pattern 

etc., the dimension of a pattern etc. can be inspected with a sufficient direct precision. 
At this time, this inspection can perform inspection regardless of distortion and 
telescopic motion of an object pattern, and an alignment error amount. 
[0011] 

[Embodiment of the Invention] The example of the method of inspecting a pattern 
defect from the detected image by this invention is explained using drawing 2 -6. 
[0012] First, the 1st example is explained based on drawing 2 . 

[0013] The detected inspection object pattern presupposes that it is the object pattern 
1 as shown in drawing 2 (a). Inspection is performed as follows. 

[0014] First, processing called "label attachment" by the image processing in these 
patterns 1 is performed. Label attachment is each isolated processing which attaches 
number **, **, **, and ... for every pattern, as shown in drawing 2 (b), 
[0015] pattern ** by which label attachment was carried out next, **, and ** ... ** - the 
characteristic quantity of a **** pattern is calculated. Characteristic quantity is the 
area S di of the width of face L xdi of a pattern, height L ydi, and a pattern, perimeter 
die-length C di of a pattern, barycentric coordinates M xdiydi, second*moment M2 
xdiydi, etc. (i= 1, 2, 3, ... I). Moreover, the representation coordinate location (X di, Y 
di) of each pattern is calculated. This is the upper left coordinate or the barycentric 
coordinates of for example, each pattern. The characteristic quantity table 33 of a 
detection pattern as shown in drawing 2 (c) from the characteristic quantity obtained 
from these processings is made. 

[0016] On the other hand, there shall be a "reference pattern" in an inspection object 
pattern. A reference pattern is obtained by detecting the pattern made from the design 
data, or a beforehand actual pattern. As shown in drawing 2 (d), in a reference pattern 



18, the characteristic quantity table 35 ( drawing 2 (f)) of label attachment and a 
reference pattern is made similarly, a label ■- attachment - a number ** ' - ** - * 
** •• ' ... ** carrying out . 

[0017] From these two tables, inspection is conducted as follows. 

[0018] The coordinate value (X di, Y di) of a subject-ofexamination detection pattern is 
lengthened one by one from the characteristic quantity table of the detection pattern of 
drawing 2 (c) (i= 1, 2, 3, ... I). It asks for the difference of these coordinate values (X di, 
Y di) and the coordinate value (Xsj, Y sj) in the characteristic quantity table of the 
reference pattern of drawing 2 (f), Xdi-X sj=epsilon x, and Xdi-Y sj=epsilon y one by one 
(j= 1, 2, 3, ... J). 

[0019] I When it is epsilonx I <=E and I epsilony | <=E (E is a position error permission 
constant), both patterns judge that it is a corresponding pattern, and measure 
characteristic quantity. The comparison of characteristic quantity will be outputted, if 
it judges with there being a difference m both patterns and there is a defect, when 
larger than a reference value with the difference of characteristic quantity. 
[0020] For example, it judges that the magnitude of a pattern is different at the time of 
I L xdi-L xsi I >=deltaL and I L ydi L ysi I >=deltaL, and a detection pattern presupposes 
that it is a defect. deltaL is a time limits/maintenance check constant to pattern width 
efface, 

[0021] Although the above took the width of face and the height of a pattern as 
characteristic quantity, the area S and the boundary length C of a pattern can also be 

taken. 

[0022] Based on I C di-C si I >=deltaC or I S di-S si I >=deltaS, a pattern can be similarly 
inspected at these times. A time limits/maintenance check constant and deltaS are a 
time limits/maintenance check constant to area. [ as opposed to a boundary length in 
deltaC ] 

[0023] Although the above made the width of face of each pattern, area, and a 
boundary length the time limits/maintenance check, it is good also considering the 
ratio of the area Sdi of a pattern, and the square of boundary-length C di, the center of 
gravity M xdiydi of a pattern, and second-moment M2 xdiydi as a time 

limits/maintenance check. 

[0024] By the approach shown above, the time limits/maintenance checks (delta L, 
delta C, delta S, etc.) of magnitude unrelated to the magnitude of a position error 
epsilon can be set up, and a pattern can be inspected. By changing the magnitude, the 
time limits/maintenance check constants delta L, delta C, and delta S etc. can perform 
precise inspection, and can also conduct coarse inspection. 

[0025] As shown in drawing 2 (a), when there is an excessive pattern defect 19, since 
there is no reference pattern corresponding to the coordinate, this can be judged to be a 
defect. Since the allowed value E of a position error epsilon is allowed to one half of the 
magnitude of the array pitch of a pattern, inspection can be performed on the 
conditions that location permission is very big. 

[0026] Next, it explains, using drawing 3 as the 2nd example of the pattern defect 

inspection by this invention. 

[0027] The object pattern 1 shown in drawing 3 shows the pattern of the final product 
(after solder resist spreading and silk pattern formation) of a printed wired board. 
When making this pattern into a subject of examination, the pattern detection 
approach shown in patent application Taira 8-44665 (Taira March 1, 8) can be applied 
to detection of a pattern. 

[0028] The example which extracts a copper pattern outcrop (land) and a silk pattern 
from the printed wired board detection image after solder resist spreading is shown 



below using this detecting method. 

[0029] Drawing 3 is an example which extracts a copper outcrop applicable to the 
patchboard to which the solder resist 2 of an ultraviolet curing mold was applied. In 
drawing 3 , the image R which illuminated by the detection image F and red light by 
the fluorescence detecting method, and detected the pattern is used. Since the solder 
resist of an ultraviolet curing mold generates fluorescence, in detection by fluorescence, 
the resist section is bright and the other part is reflected darkly. Moreover, the silk 
pattern 3 is also reflected brightly. By the red light lighting detection pattern R, a 
copper outcrop 5 and the copper silk pattern 3 are bright, and others are reflected 
darkly. The image which changed [ the image detected next] the parts of "1" and "dark" 
into "0" for the part of shall be treated. 

[0030] The pattern C of only the copper outcrop 5 without the silk pattern 3 (part 
expressed with the thick continuous line by the "copper exposure pattern c" of drawing 
3 ) can be obtained by leaving "1" of a red photodetection pattern and performing 
processing which. sets other parts to "0" only in the part of "0" of a fluorescence 
detection pattern, by the resist partial elimination processing 21. Thereby, the pattern 
5 for the copper section which is not covered by the solder resist 2 is obtained. Label 
attachment and tabulation 33 of this image C can be performed, and a copper outcrop 
(a land 7, and the copper vanity 8, other copper exposure defective parts) can be 
inspected by the approach stated to the example 1. 

[0031] Next, the 3rd example of the pattern defect inspection by this invention is 

explained using drawing 4 . 

[0032] Drawing 4 is an example which extracts the silk pattern 3 applicable to the 
patchboard to which the solder resist of an ultraviolet curing mold was applied. The 
pattern S of only the silk pattern 3 can be obtained by leaving "1" of the red 
photodetection pattern R, and performing processing which sets other parts to "0" only 
in the part of "1" of the fluorescence detection pattern F, by the silk pattern extract 
processing 22. Tabulation 34 can be performed using this image S, and the silk pattern 
3 can be inspected according to the 1st example. 

[0033] Furthermore, the 4th example of this invention is explained using drawing 5 . 
[0034] Drawing 5 shows an example applicable to the solder resist spreading 
patchboard of a heat curing mold. The fluorescence detection pattern F and the red 
photodetection pattern R are used as well as the above-mentioned example as 
detection of an object pattern 1. In the case of a heat-curing mold solder resist, since 
the resist section is reflected darkly, by the detection pattern F by fluorescence, the 
silk pattern 3 is bright and the other part is reflected darkly. On the other hand, by the 
red light lighting detection pattern R, a copper outcrop 5 and the copper silk pattern 3 
are bright, and others are reflected darkly. 

[0035] The pattern C of only a copper outcrop without the silk pattern 3 can be 
obtained by setting "1" of the red photodetection pattern R to "0", and performing 
processing which leaves the image of other parts as it is only in the part of "1" of the 
silk detection pattern 3 by fluorescence, by the silk pattern elimination processing 23. 
Tabulation 33' can be performed using this image C, and the copper outcrop 5 (a land 7, 
the copper vanity 8, other copper exposure defective parts) can be inspected by the 
approach stated to the example 1. 

[0036] Moreover, the 5th example of this invention is explained using drawing 6 . 
(0037] Drawing 6 shows an example applicable to the solder resist spreading 
patchboard of a heat curing mold. How to extract the silk pattern 3 from the 
fluorescence detection pattern F is shown. In this case, since only the silk pattern 3 is 
actualized brightly, the direct silk pattern 3 can extract the fluorescence detection 



pattern F as a pattern S by setting the bright part of the fluorescence detection pattern 
F to "1", and setting others to "0." Tabulation 34' can be performed using this image S, 
and the silk pattern 3 can be inspected by the approach stated to the example 1. 
[0038] As shown above, after detecting an object pattern 1, it was able to dissociate 
respectively and the copper outcrop 5 and the silk pattern 3 were able to be extracted. 
This reason is for applying a separate time limits/maintenance check respectively. 
That is, the copper outcrop 5 is a part which solders the lead of electronic parts behind, 
and since precise dimensional accuracy is required, it inspects by time 
limits/maintenance check which conducts a highly precise dimensional inspection. 
[0039] There is no role of three silk pattern which achieves an electric function, and an 
operator only uses it for reference. Therefore, the precision of a pattern does not need 
to be high. Moreover, since the silk pattern itself is made by printing, it is inaccurate. 
Therefore, it inspects on the criteria that a time limits/maintenance check is also 
suitable. Thus, inspection of the optimal time limits/maintenance check is [ the pattern 
of two or more classes with a different precision ] realizable by separating and 
extracting both patterns with one set of test equipment. 

[0040] Drawing 7 shows the example of the test equipment which realizes the pattern 

inspection approach stated by this invention. 

[0041] The detectors F and R of an object pattern 1 shall detect the same part of an 
object pattern 1 according to optical system as shown in drawing 7 using a dichroic 
mirror 24. Detector F detects the object pattern 1 illuminated by short wave 
Nagamitsu, such as a purple light, according to fluorescence. A detector can also use 
detection by laser beam point scan by the case, although a TV camera or linear image 
sensors is usually used. Although omitted in drawing 7 , the lighting section of optical 
system is equipped with the lighting section which illuminates short wave Nagamitsu, 
such as a purple light or ultraviolet radiation, to an object pattern, and the lighting 
section which illuminates red light from the method of slanting to an object pattern. 
[0042] The A/D'conversion machine 27 is changed into the detecting signal 25 
outputted from Detector F as F (for example, 256 steps of multi-tone signals). Next, a 
signal passes along the binary ized circuit 28, and brightness becomes the picture 
signal Fl of "1" or "0." The binaryized signal Rl is similarly acquired from Detector R. 
Henceforth, as shown in the example described until now, processing for extracting the 
copper outcrop 5 and the silk pattern 3 from two signals Fl and Rl is performed, and 
the picture signal S of only a silk is acquired. 

[0043] In the case of an ultraviolet curing resist, extract processing of the silk pattern 
3 is performed by the silk pattern extract circuit 29. The silk pattern signal S can be 
acquired from a signal Fl and a signal Rl by performing logical operation shown in the 
3rd example. 

[0044] As shown in the example 5 in the case of the heat-curing mold solder resist, a 
signal Fl turns into the silk pattern signal S, 

[0045] In the case of an ultraviolet curing mold resist, the copper outcrop 5 can be 
extracted from a signal Fl and a signal Rl as a picture signal C by performing logical 
operation shown in the 2nd example. This is performed by the copper outcrop extract 
circuit 30. 

[0046] In the case of a heat curing mold resist, the copper outcrop 5 can be extracted 
from a signal Fl and a signal Rl as a picture signal C by performing logical operation 
shown in the 4th example. This is performed by the copper outcrop extract circuit 30. 
[0047] If the silk pattern 3 and the copper outcrop 5 are respectively extracted as a 
picture signal S and a picture signal C as shown above, the label attachment circuit 31 
and 31' will let it pass next. Characteristic quantity which mentioned above the signals 



SI and Cl which were able to attach the label by the characteristic quantity extract 
circuit 32 and 32' is calculated. The calculated characteristic quantity is transmitted to 
a computer PC 1, and the characteristic quantity tables 33 and 34 which consist of a 
coordinate and characteristic quantity are created. 

[0048] On the other hand, a pattern is developed from CAD data by computer PC 2, and, 
as for a standard pattern, Table 35 of the characteristic quantity corresponding to the 
above-mentioned detection copper exposure pattern and a silk pattern is created. As 
these tables were stated to the example 1, a comparison is performed, and defective 
inspection is conducted. In addition, label attachment and characteristic quantity 
extract processing are the general image-processing technique, and are marketed also 
as a circuit, 
10049] 

[Effect of the Invention] As mentioned above, as explained, a defect is detectable 
according to this invention minute by measuring the dimension of a pattern. Under the 
present circumstances, since the comparison with a detection pattern and a reference 
pattern is performed by comparing the dimension of the pattern in both 
correspondence locations, it cannot be easily influenced by the dimension error or 
alignment error of a patchboard. Moreover, in the sample in which a variety of patterns 
are formed in the laminated structure, inspection can be performed by the time 
hmits/maintenance check which was suitable for the time limits/maintenance check of 
the pattern of each class in the pattern of each class since these were inspected after 
the separation extract. Thus, since the object which was not able to be checked 
automatically conventionally can be inspected, effectiveness is very large. 



[Brief Description of the Drawings] 

[Drawing l] It is the block diagram of a test equipment configuration showing the 
conventional detection method type. 

[Drawing 2] It is drawing showing the flow of processing of the characteristic quantity 
compare-check method which is the 1st example of this invention. 

[Drawing 3] It is drawing showing the flow of processing of the method of land 
inspection which is the 2nd example of this invention. 

[Drawing 4] It is drawing showing the flow of processing of the example of silk section 
separation processing which is the 3rd example of this invention. 

[Drawing 5l It is drawing showing the flow of the processing of the example of copper 
outcrop ****** which is the 4th example of this invention. 

[Drawing 6l It is drawing showing the flow of processing of the example of silk section 
separation processing which is the 5th example of this invention. 

[Drawing 7] It is the block diagram showing the configuration of the pattern test 
equipment by this invention. 
[Description of Notations] 

1 - object pattern and 2 a solder resist pattern, three silk patterns, 4 - base 

material section, and 9 - a lens, 10 - detector, 29 - silk pattern extract circuit, and 30 
- a copper outcrop extract circuit, 31, and 31' - label attachment circuit, and 32 and 32 
' *- feature-extraction circuit 
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[Drawing 3l 
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[Drawing 5] 
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[Drawing 7] 
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©^>i|iii©^Stc«jS(c#|g§iafc*)©t?*S. :a{*WK: 

^ffiSCf ^©S|g€:tl«t-r ^ 4>©-C* 
[0002] 

[fie*©e?jRi ^^lslss-'^•^^->©^^l2SiLT(i. s 

jii >j: ^ /-J ^ - > i felS>Pf if - > i ©M^?:XPg i 

^fiT^g©Ei^Sv^•^^->^s:/J^^>c©:^ffi■c^)■5>. s 
itcTT^-rjr^tc, $fe•r»a>'^•^^->l ?:*itiigi ort^ 

fflL-r. ffltSIB^^gl 2{CiBtiL.. cn?^^>'^•^f- 
><t^i. iB^.li^{3:^<iiiii^. m{*2 5 6l5Pg©iS 

m-'-t^'-Xi-^l 4i©M=SrMil88l StcioTiS. 

y^• _ >{cMg*<* ^ <!: ^1pIS8*> ti^m)<.^ 

SSI Qf^n'^nmxm. 

[0003] 

11^2© a iiJ^blit{D°p©ftfIt4®(6]±te J: c/^IH© 
=SAib©fcJ«>K:fis-c*^>. #(c7'>;>hES«©S<S 



3 

[0 00 4] HuaiLfcj:^cc. ^^^*o^^^/c biPx 

ht^h. ^\itmmu^mmt^h^i^\r^x\mi.\ g 
[000 5 ] $/c. u^oimmiumcmi^^^^- 

mi)^>mxh^. 

[0 00 6 ] ^mmmm\t. ist4±^c?fj^$n^^ji 

mhr. ^^'^^mct(^^rj:^fc^m^x^^'r^c 
tf)^xii>^<^'->tk^-)jmRa^^^-y^ti^mm^m 

[0 0 0 7 ] 

^->^i&^Lxm^mtm^^^-yit^\bL. c(D^ 

ti^bfctk^y^^j^^-y(D^xmHc^mbXi.^h^^^ 

Si ^ - xD&minnt ^i-mE.^.ucmm^'^ ^ - > 
m-^^^xikmtm^^^->(oxf&i:m&t^ct^^m 
[0 00 8 ] tfc. ^^•^->^^ps«^^|g^. ^^^^-y 
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tifc^^^-y<Dmm^'7^)vmiLXC(Dv-<)\^mb 

fcj<^-yc't<D^mm^nnbx^^^-y(D{<Lm»n 
mmm^nmbxcontiibfcw&iMtmm^'^^-xD 

[0 00 9] tfc. :^mmx^t. ^^^-y^m^^&s 

msi^mt. c(DmM^f^icj:K^mM:^tix^M^m 
m^^^&t^m^i:^mbx^mt^^(omytmi$- 

tixmiia^mmxRSibfc^s^j/ti^iiibx^mtm 

ytmm^ti!i^f^xmm btcmytmi^tm&ytmm^a^ 
gr b tcm^^m^ tt-^h^ tiw^m^ b 
20 xc <o^%M^ ^es^)ieit bx^K^ fcmm^^ ^ - > <Dn^ 

t9.t^®xxm\^b^c. 

[0010] '^^m^ci:xx\t. ^^^-xo-mm 
im^bx. mm^^^-ymmmttmbxj^^-y 

<o^^^'ii')(Dx^^^-y(D-^^t^t^m.mn&^<m 

mnt^ctfi^xt^. 

[0011] 

30 [ mM(Dmm(DBm ] :^mM(^ ^ffi s tifcmm^ 
mi^^xmnr^o 

[0 0 1 2] jt-r, micommm^. m2i^&'^^>xm. 
[00 13] ^ai^rifc^^)Cim^<^->\m^\m2 

[ooi4]5t-r. ctihco^^^-yiimi^fmx 

40 2 (b) ^C7^•rJ:^«:^^<DBlSL/c/^•3?->S«:s■^ 
(D. (2), (2). • - • ^W:f€>i?iar'*-5, 
[00l5]o^tc. ^-^;Wt:r^n/cA^->®, 

®. (3)* * • c:<b^g^N*^->(D^i5[a^itgr'5» 

M xdiydi. 2:X^-^>hM2 xdiydi^^j: i'"C^^ ( i 
= 1 . 2. 3. . . . I) , ^/c. S^^^-'XDftaj^ 

ti(4g (X di. Y di) ^rH-fit-r-So cii«. m^^m 
-y(otE±<Dmu^^KHtm'C'^mmx^^. cn^ 

50 (Oi3:S?5^^6{#6ti/c!{$as*i6@2 (c) OcinTcfc^^^j: 
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[0016] i&yj. ik^n^j^^->iiC\t ^^j^^^ 

^Ci(cj:0?f ^2 (d) itC9iktJ:^(fCmm^^ 

^^Q>\ (2>\ (3)'. • • * if €>o 

coo 17] Ctih<D2-:>(Dmf)>h. ^m^l^KO^^i^C 
tT^o 10 

[00 18] 0 2 ( c) CDMai^^•^->(D#mS^?&^e> 

^^mmm^^^-ycomim (x di\ y di) ^m^ 
?li>r<-5 (i = 1. 2. 3. . . . I ) . ctih<om 

mm (X di. Y di) <t02 (f ) (Dmm^'^^-xD^ 
mMmcm^mmm (xs.i. y s.d i©^. 

Xdi-X s.i= £ X, 
Xdi-Y s1= £ y 

^m^X^^6 (j = 1.2. 3,...J)„ 
[00 19] I £x I 

20 

I £ y I 

[0 02 0 ] 9mt. 

I L xdi - L xsi I ^ A L . 

I L ydi- L ysi I ^ AL 30 

[0 02 1 ] a±\imwtMtbx^^^-y(oi^t^i^i: 
[002 2] ctihot^. mm(^. 

i C di-C si I ^AC. 

I S di- S si I ^AS. 40 
^<^->(?)t^$^tf ^Ci*5-C^^, AC 

c 0 0 2 3 ] i:i±^t^^^^->(om. mm. mwm^^ 

S^iCDtk. ^^*^->CDm'C^M xdiydi. 2:X^-y> 
hM2 xdivdi*«I^Sm<!:Lr4>J:C^ 

[0 02 4] t(±cc^o/c:^?£^j:or, (igSM£<o 

i^^^ti:mM^iK^^(D\PMSm (AL. AC. A 
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t^SmS&AL, AC. AS^«-e(DA^$?:^x.^ 
[0 0 2 5 ] S2 (a) ^n'^tj:^(fC^^rj:J^^-yX 

l/2(DA^$^ri^?n'5cDT. A^{4SS^?f(DA# 
[0026] :^^m(tCj:i>j^^--yXf&^iS:<om 

2<Dmmmtbx. m3^m^>ximri>. 

[0 02 7 ] m3(^^tM^^^^->i{ty'v>hmu 

5 (^8^3>gia) (,cfr^$tifu^^->i(^ii\:fomm 
[0 02 8 ] cc7)^^tB^^fflc>r. ti^/c^vx h^^fp 

[ 0 0 2 9 ] 0 3 m^®^tM(D^i^/c VV7s\2 

^^^t^icwm^m\^xmix^^umm%^\m 

^ F i ^ 3t: J: o r U r ^ ^' ^ > ^ ^ ffi U :^cli ^ 

(OmOiSl^b tiy)\^^^^^->3f)mi><. mM<^ 
TBgj ©gp^^:& roj (^c^^btcMiSiiiJk^hot'i- 

[003 0] ui^x hm^mamz i ccj: o . m3fe«^ 
CO r 1 J -e<Dflfe(oai^^ ro J tt^mm^^u 

^CtlfCj:^. iy)l^y^^-y3<Drnmmiii^b(D^ 

h 2rSt>n^CC^Pgi5^CD/N-^->555n#6n 
So C(0il^CcD^-c;Wt<tif'P«3 3?:tfC\ JQSW 

[0 03 1 ] ^^^tC. ^^^Hg(CcfcS^^•^->^X^^^|^CDS 

3<D^^^. 04^fflCiruiB^-rSo 

[003 2 ] a4(j. m^^ummmtucbvxv^ 

§ *l /cifi^feiC *t L -C jgffl -C * S ^ / >• ^ - > 3 

ccjTor. ^7fefelffi/^•3'->F<D r 1 J (ouw^^x. 
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ro J <!:-r€>Ma?:if ^CiklctO. i^;^^>'^'^-->3 

[0 0 3 3 ] ^mM<Dm4(Dmmm^. 05* 

[ 0 0 3 4 ] El 5 iimmitSl(DiitA.fcl^tyX mMiU 
Mcj:6iyJl!P^tii^^^->3(0 r 1 J (OS^^O^V. 

^ ^ ^ > 3 I mmib^coi^o)^^ ^-yam 20 

^Cti)^V^^, C(Dilf|^C^ffll^rf^^3 3 •^^f 
[0 0 3 6 ] $/c. *#|H^C[)m5CDj|jSfi«?l|?r. @6?rffl 

[ 0 0 3 7 ] s 6 . fSl^i?>^t^<o«^/c u s>x h ^^Jig 

iS^. Myctktii^^^->Fittiy)l^j^^->3<D^f)m 30 

c^gp^^ r 1 J ^ -ecDfte^ ro J tcT'2>c<ttcj:oTii 
^^v;^^/^•3^>->3;?!)i/^•^>->s<^:L/r^fl^ir^'So c 

CDiii»S?:fflC>'Cf'P^3 4 '^rtfC^ *)tet^ 1 CC^^/c 

:&atc<t 0 v^;!/ ^ - > 3 ^^S-r ^ c i # 
[003 8] W±^L//cJ;'5«:. *t^/^^-> 1 ^t^a 

ta. i@stIJgP5<^:i^J^^y^•^'->3^S^^glL/r^fiai 

[0 0 3 9] iy)\^^J^^->3ittm^6mmi:^imm 
^'^^->(DUmtM<U<xh<ki.K $/c. 
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[0 04 0 ]S7{'i. **Hg-c^-</c^s^-->«^S:^jS 
[0 04 1 ] St|^/N*^-->l<D«^HiSF*5<i:0'R«. t?ll 

^v-2 4^mmbx. lomcm^i^ 

tt)^X^6^ m7X{t^mLX\.^^f)K 7fe^S0M?§SB 

mtmmutim^xi.^^. 

[0 0 4 2 ] ^\iimFf)^htiit}t^^tiim^2b{tA/ 
D^}^2 7^il0. mt^2 5 egpgcD^pgSfi^F 

r 1 J $>^{,^t ro J (ommm^F hc«:-5« 
filCc^ai?IR;&^64>2fii{tfi^R iT&nf^n-^. 

cfccxR 1 *^e>a3s^agp5*Jc^:c/5>;^i^>^^•5^->3^}affl 

[0 04 3 ] Sl^^Sibu^:^;^ bcoii^. ^>ju - 
bn^. fi^F 1 chff-^R l7!^^e>. m3(D^mm(<C9r^t 

[0 044] m^imfitMcui^yts hom^ftt. m&m 

[004 5] ^9[mwitmuiy7. h<om^. mmmm 

{tfmF 1 iit-^R 1 ii2c7)j|]5^e^^inT^s?ii 

[0 04 6 ] ^SibMuv;^ hcDii^. a?^ffia5 5«fi 

-^F 1 ifi-^R 1 m4(om^mi^^stmmmni 
m^it6ct(fCj:^mmfmctbxmtiixt^. en 

[0 04 7 ] tti/i^L/cck^Cc, ^';l^^/N-^->3<!:^ 

sn^i. .^ctc-^-cjuf^ctHKa i*3,fcc;3 i -^iis 

fflffilHlS83 2*5j:a'3 2 •tCj:Omii^L//c<t ^i^^l^ms 

CCfeiHSnr. S^<!:1#afi<>:;&^6ft-5^®aa3 3 4d 

J:Uf3 4f)mfS.^^^. 

[0 04 8 ] ffe:^. mm^^^->kt. n>t^-^PC 
ai ^ffl m ^' ^ - > ^ c;^ V ;b ^ ^ > St Co -r -5 ? 5 
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2 9->>ju^^N-^-'>jflffi[pigs. 3o-aigsmgp}fl 

ttSlElSg, 3 1, -v^)\^\^\fiWlt. 3 2, 32' 
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